An 86-year-old woman who underwent placement of a prosthetic aortic valve for regurgitation 5 years previously was admitted because of spiking fever. The blood culture results were positive for gram-negative rods, which were identified as Achromobacter xylosoxidans. Approximately 4 months after being sent to the hospital, transthoracic echocardiography revealed vegetation at the prosthetic aortic valve. Ultimately, a diagnosis of A. xylosoxidans endocarditis of the prosthetic aortic valve was made. We report an extremely rare case of bacteremia associated by prosthetic valve endocarditis with A. xylosoxidans. In addition, we review 10 previously reported cases of endocarditis caused by A. xylosoxidans.
Introduction
Achromobacter xylosoxidans is an aerobic, motile, gramnegative rod that was first described in 1971 by Yabuuchi and Ohyama, who discovered it in patients with chronic, purulent otitis media (1) . While Achromobacter species have been occasionally isolated from the human gastrointestinal tract and ear canal, it is unclear whether the organisms are a typical component of human endogenous flora (2) . Infections with A. xylosoxidans have included meningitis, pneumonia, peritonitis, and urinary tract infections (3, 4) . However, bacteremia associated with prosthetic valve endocarditis caused by A. xylosoxidans is rare.
Case Report
An 86-year-old woman underwent placement of a prosthetic aortic valve for regurgitation in November 2005. The patient was healthy until July 2010, when she was admitted because of a productive cough. A chest roentgenogram showed infiltrative shadows in both lungs and chest computed tomography revealed centrilobular nodules, pathy infiltrative shadows, and bronchiectasis. The patient had been diagnosed with pulmonary Mycobacterium avium infection based on bacterial and histopathological examination and an expectorant was thus administered. A high fever developed in mid-September; cough and sputum were not observed and she did had no exertional dyspnea.
Physical examination findings were as follows: body temperature, 39.3 ; pulse rate, 68/min; respiration rate, 20/min; and blood pressure, 98/50 mmHg. No skin lesions were observed, and no peripheral lymphadenopathy was noted in the cervical, axillary, or inguinal region. Heart sounds were clear. Coarse crackles were audible in both lung fields. There were no Osler's nodes, splinter hemorrhages, Janeway's lesions, or Roth's spots. The white blood cell count was 6.5×10 9 /L with 79.5% neutrophils, 14.5% lymphocytes, 4.5% monocytes, 0.5% eosinophils, 0.5% basophils, and 0.5% atypical lymphocytes. The level of C-reactive protein was elevated to 12.16 mg/dL. The level of (1 3)-β-Dglucan was within the normal range.
Chest roentgenogram and computed tomography (CT) images revealed no changes in July (Fig. 1) . The areas of in- Normal flora Negative tense fluorodeoxyglucose activity detected by fludeoxyglucose (18F)-positron emission tomography (PET) coincided with the infiltrative shadows detected on CT. There was no radiographic evidence of infection, purulence, or tumors of the abdominal or pelvic organs. No malignant cells were detected on cytological examination of the sputum, and the sputum culture yielded no bacterial growth. Empirical antibiotic therapy with parenteral ampicillin/sulbactam (6.0 g/ day) was initiated, but the high fever continued. Due to a fever spike to 39 , treatment was changed to meropenem on the 7th hospital day.
Two sets of blood cultures using samples from the peripheral veins on the 7th and 12th hospital day were obtained, and all 4 sets yielded a gram-negative rod, which was later identified as A. xylosoxidans. The isolates were susceptible to imipenem, meropenem, minomycin, cefoperazone, piperacillin, and ceftazidime (Table 1) . Antibiotics were administered for 30 days, the absence of A. xylosoxidans through blood culture on the 15th hospital day was confirmed, but a slight fever continued, and the inflammatory reaction was not resolved. Infective endocarditis (IE) was strongly suspected. Subsequent transthoracic echocardiography was performed on the 4th hospital day, which revealed no vegetation, an ejection fraction of 70%, and an atrial diameter of 41 mm. First-degree aortic and tricuspid regurgitation was also noted. Pulmonary artery pressure was slightly elevated at 26 mmHg. Subsequently, transesophageal echocardiography performed 2 weeks after the transthoracic study also revealed no vegetation. Although the high temperature appeared again when the antibiotic was stopped, the infection source remained uncertain. Antibiotic treatment with carbapenem was intermittently administered while we worked to identify the infection source. Transthoracic echocardiograms were repeated at 46 and 85 days after admission, and no vegetation could be visualized in any case. However, a 4th transthoracic echocardiography and a 4th transesophageal echocardiography on the 131st hospital day revealed vegetation at the prosthetic aortic valve (Fig. 2) . Pulmonary artery pressure was elevated at 45 mmHg. At last, a diagnosis of A. xylosoxidans endocarditis of the prosthetic aortic valve was made using the modified Duke criteria (5).
Surgery was considered for the treatment in response to the infection's poor reponse to antibiotic treatment; however, replacement surgery of the aortic valves was refused because of the high surgical risk. The patient died of multiple organ failure on the 199th hospital day (Fig. 3) . At autopsy, multiple vegetations were observed around the prosthetic aortic valve (Fig. 4) . A. xylosoxidans was detected by culture of the scraped vegetation.
Discussion
Gram-negative bacilli are divided into the glucosefermenting and non-glucose-fermenting types according to whether glucose is resolved in an anaerobic environment. Achromobacter spp. is a nonglucose-fermenting, gramnegative rod, such as Pseudomonas spp., Acinetobacter spp., Moraxella spp., Stenotrophomonas spp., and Legionella spp. A. xylosoxidans is catalase-and oxidase-positive gramnegative rod which is widely distributed in the environment. It is an opportunistic and environmentally resistant organism that typically inhabits aqueous environments. A. xylosoxidans was originally described by Yabuuchi and Ohyama (1) in 1971, who recovered it from purulent ear drainage from 7 patients with chronic otitis media.
A. xylosoxidans is an opportunistic human pathogen that is capable of causing a variety of infections, including bacteremia, meningitis, pneumonia, and peritonitis, particularly in immunocompromised hosts and patients with underlying diseases (6) . Nosocomial outbreaks attributed to disinfectant solutions, saline solutions, and diagnostic tracers contaminated with this species have also been described (7, 8) .
Blood cultures and echocardiography are the cornerstones in the diagnosis of IE. Clinical confirmation of the diagnosis of IE remains difficult and is a challenge for physicians. The diagnostic process may be facilitated using the Duke criteria, which are based on strict clinical, microbiological, and echocardiographic parameters. The criteria are reported to have 99% specificity and a 92% negative predictive value for the diagnosis of endocarditis (7). The present case could not be diagnosed as being IE according to the criteria, which required meeting one of the major (positive blood cultures from 2 separate blood cultures) and 2 minor criteria (fever >38 , predisposing cardiac condition), at the early stage of hospitalization. This patient's general status had been comparatively good despite the high fever. Then, finally the 4th transthoracic echocardiography and 4th transesophageal echocardiography on the 131st hospital day revealed vegetation at the prosthetic aortic valve without valvular destruction, acute heart failure, and a diagnosis of A. xylosoxidans endocarditis was made.
To our knowledge, including the present case, only 11 cases of IE caused by A. xylosoxidans have been published in the English language literature since 1971 (9-18) (Table 2). All cases were adults and were reported between 1981 and 2011, comprising 9 men and 2 women. The mean age of all patients was 49 years (range, 30-86 years). The most common predisposing conditions were related to cardiac surgery such as valve replacement due to valvular heart disease and patch closure of a ventricular septal defect (63.6%), which was followed by chronic IV access (45.5%). Five cases required >5 months for IE diagnosis, while 4 more were diagnosed during postmortem examination. The Modified Duke's Criteria have been used for years clinically in the diagnosis of IE. However, in practice, many cases of clinically suspected IE are difficult to diagnose with certainty. It is especially difficult to diagnose IE during antibiotic use for bacteremia without vegetation such as in the present case. In view of the potential to miss vegetation on initial inspection by transesophageal echocardiography, some authors have suggested repeating the study in high-risk patients to avoid a missed diagnosis (19) . The vegetation was found at last with the echo repeatedly performed only after the IE had worsened. A newer tool to diagnose IE in the absence of definable vegetation on echocardiography includes the use of PET-CT, which is reported to have a higher sensitivity than current functional methods (20) . Although PET was performed twice on the 12th and 49th hospital days in the present case, it did not help provide early diagnosis.
Characteristic antimicrobial susceptibility patterns of A. xylosoxidans include high levels of resistance to cephalosporin (>90%), aminoglycoside (>90%), and quinolone (> 80%) (16) . Saiman et al. described antimicrobial susceptibility and synergy testing. Minocycline, imipenem, meropenem, piperacillin, and piperacillin-tazobactam had the highest activity against A. xylosoxidans. Additive activity was also noted for some combinations like chloramphenicolminocycline, ciprofloxacin-imipenem, and ciprofloxacinmeropenem (21) . Meropenem was chosen because of the best susceptibility. Other carbapenems such as doripenem and panipenem also were used since resistance to carbapenems is rare. In the present case, when the high fever developed, her appetite drastically decreased, and we were anxious about aggravation of her general state. In order to reduce the high fever early, it was necessary to administer an antibacterial medicine with high validity. Thus, the patient was treated by carbapenems despite the same type of antibiotics. It is very difficult, if not impossible, to eradicate infections in vascular prostheses without removal despite long-term bactericidal antimicrobial therapy. A total of 4 of 6 patients in which the surgical treatment was performed survived; all 5 patients who were treated with only the antimicrobial treatment died.
Deciding whether to perform cardiac surgery for the treatment of IE can be extremely difficult. The principal indications for cardiac surgery include heart failure, poor infection control, embolisms, large vegetations, severe valvular and perivalvular lesions, and infection caused by microorganisms (22) . In the present case, due to the high surgical risk, surgery was refused and the patient died shortly after the diagnosis. Early diagnosis, appropriate antibiotics, and surgical treatment are crucial in the treatment of patients with endocarditis.
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